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(54) Polymorphism detection 

(57) The present invention generally provides a rap- 
id efficient method for analyzing polynnorphic or biallelic 
markers, and arrays for carrying out these analyses. In 
general, the methods of the present invention, employ 
arrays of oligonucleotide probes that are complementa- 
ry to target nucleic acids which correspond to the marker 


sequences of an individual. The probes are typically ar- 
ranged in detection blocks, each block being capable of 
discriminating the three genotypes for a given marker, 
e.g., the heterozygote or either of the two homozygotes. 
The method allows for rapid, automatable analysis of 
genetic linkage to even complex polygenic traits. 
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'Ipescriptioh . 

BACKGROUND OF THE INVENTION ' 


.5 The relationship between structure and function of macromolec.ules is of fundamental Importance in the' under! 

standing of biological systems; These relationships are important to understanding, for example, the functions of en- 
zymes, structural- proteins and signalling prdteiris: ways in which cells communicate with each other as well as mech- 
• anisms. of cellular control and metabolic feedback. V ■ 

, ■ Genetic information is critical in continuation of life processes. Life is substantially .informationally based and its 
.10 , genetic content controls the growth and reproduction of the organism and its complements. The amino acid sequences 
..^._.U^^P°lyf.!PL&s jA/hjch are cri^ 

. the properties of these polypeptides, e g., as enzymes, functional proteins, and structural proteins; are determined by 
he sequence of amino acids which make them up. As structure and function are integrally related, many biological 
.• functions may be.explained by elucidating the underlying structural features which provide those functions and these 
structures are determined by the. underlying genetic information in the form of polynucleotide sequences Further in 
. addition to encpding.polypeptides, polynucleotide sequences also can be involved in control and regulation of qehe 
expression. It therefore follows that the determination oMhe make-up of this genetic information has achieved significant 
, scientific importance. . • ' ', ■ 

^ As a specific example, diagnosis apd treatment of a variety of disorders may often be accomplishbd through iden- 

tification and/or manipulation of the genetic material which encodes for specific disease associated traits In order to' 
■ accomplish this, however, one must first identify a correlation between a particular gene and a particular trait This is 
generally accomplished by providing a genetic linkage map through which one identifies a set of genetic markers that 
followa particular trait. These markers can identify the location of the gene encoding for that trait within the genome 
. everitually leading to the identification of the gene! Once the gene is identified, methods of treating the.disorder that 
■ result from that gene, i.e , as a result of overexpression, constitutive expression, mutation, underexpression etc' can 
be more easily developed. ' ' : ■ . . . ■ . . ■ 

, One class of genetic markers includes variants, in the genetic code termed "polymorphisms." In the course of' ' 
evolution, the genome of a species can collect a number of variations in individual bases These single base changes • 
are termed s.ngle-base pdiymorphisms. Polymorphisms may also exist as stretches of repeating sequences that vary 
as to the length of the repeat from.individual to individual. Where these variations are recurring, e g . exist in a sionificant 
percentage of a population, they can be readily used as markers linked to genes involved in mono- and polygenic traits •. 
.In the human genome,. single-base polymorphisms occur roughly once per 300 bp. Though many of these variant ' 
, bases appear too infrequently among the allele population for use as genetic markers (i.e., <17o); useful^ 
^ (e.g.^ those occurring in 20 to 50 % of the allele population) can be found approximately once per kilobase Accordinqly 
. in a human genome of approximately 3 Gb, one would expect to find approximately 3.000.000 of these "useful" doIv- 
■morphisms. • ■ ^ . 

■ ■ / . The use of polymorphisms as genetic linkage markers is thus of critical importance in locating, identifying and 
characterizing the genes which are responsible for specific traits. In particular, such mapping techniques allow for the 
. Identification of.genes responsible for a variety of disease or disorder-related traits which may be used in the diagnosis 
and, or eventual treatment of those disorders. Given the size of the human genome, as well as those of other mar^mals 
. ■ It would generally be desirable to provide methods of rapidly identifying and.screening for polymorphic genetic markers' ' 
The present invention meets these and other needs. . . ■ 
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SUMMARY OF THE INVENtlON • ■ ' '. 

The present invention generally provides arrays and methods useful in screening large numbers of polymorphic 
markers in a genome. In particular, the present invention provides arrays of oligonucleotide probes for detecting a 
polymorphism in a target nucleic acid sequence. The array generally comprises at least one detection block of probes 
which includes first and second groups of probes that are complementary to first and second variants of the target 
nucleic acid sequence, respectively The array further comprises third and fourth groups of probes having a sequence 
Identical to the first and second groups, respectively but including all possible monosubstitutions of positions in the 
sequence that are within n bases of a base corresponding to the polymorphism, where n is from 0 to 5 

The present invention also provide methods of using the above arrays in screening genomic material for the pres- 
ence of the polymorphisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic illustration of light-directed synthesis of oligonucleotide arrays. 
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Figure 2A shows a schematic representation of a single oligonucleotide array containing 78 separate detection 
blocks. Figure 2B shows a schematic illustration of a detection -block for a specific polymorphism denoted WI-567. 
Figure 2B also shows the triplet layout of detection blocks for the polymorphism employing 20-mer oligonucleotide 
probes having substitutions 7, 10 and 13 bp from the 3' end of the probe. The probes present in the shaded portions 
. 5 of each detection block are shown adjacent to each detection block. 

. Figure 3 illustrates a tiling strategy for a polymorphism denoted WI-567, and having the sequence 5'-TGCTGCCTT- 
GGTTC[A/G]AGCCCTCATCTCTTT-3'. A detection block specific for the WI-567 polymorphism is shown with the probe 
■ sequences tiled therein listed above. Predicted patterns for both homozygous forms and the heterozygous form are 
shown at the bottom. ' v. 

TO Figure 4 shows a schematic representation of a detection block specific for the polymorphism denoted \A/I-1959 > . 

having the sequence 5'-ACCAAAAATCAGTC[T/C]GGGTAACTG AG AGTG-3' with the polymorphism indicated by the 
. . brackets. A fluorescent scan of hybridization of the heterozygous and both homozygous forms are shown in the center, 
with the predicted hybridization pattern for each being indicated below. 

Figure 5 illustrates an example of a computer system used to execute the software of the present invention which 
?5 .determines whether polymorphic markers in DNA are heterozygote, homozygote with a first polymorphic marker or 
hombzygote with a second polymorphic marker. ^ , 

Figure 6 shows a system block diagram of computer systerh '1 used to execute the software of the present invention. 
Figure 7 shows a probe array including probes with base substitutions at base positions within two base positions 
. .of the polymorphic marker.- The position of the polymorphic marker is denoted Pq and which may have one of two 
20 / polymorphic markers X and y (where X and y are one of A, C, G, or T). .' 

' Figure 8 shows a probe array including probes with base substitutions at base positions within two base positions 
of the polymorphic marker. 

Figure 9 shows a high level flowchart of analyzing intensities to determine' whether polymorphic markers in DNA 
■are heterozygote, homozygote with a first polymorphic marker or homozygote with a second polymorphic marker* 
^25 • Figure 1 0A shows a tiling arrangement of an array tiled for detecting 246 different polymorphic markers, both sense 
and antisens'e strands. Each different polymorphism detection block is indicated by a number representing a specific, 
preidentified polymorphism. Figure 10B shows a fluorescent scan of the array following. exposure to fluorescently la- 
belled target sequence. , ' 

30 , DETAILED-DESCRIPTION OF THE INVENTION 

.1. General ■ ■ . ' . ■ ■ " ' ' ■ 

The present invention generally provides rapid and efficient methods for screening samples of genomic material 
3S ' for polymorphisms, and arrays specifically designed for carrying out these analyses. In particular, the present invention 
relates. to the identification and screening of single base polymorphisms in a sample. In general, the methods of the 
present invention employ arrays of oligonucleotide probes that are complementary to target nucleic acid sequence 
segments from an individual (e.g., a human or other mammal) which target sequences include specific identified pol- 
ymorphisms, or "polymorphic markers." The probes are typically arranged in detection blocks, each block being capable 
-fo of discriminating the three genotypes for a given marker e.g., the heterozygote or either of the two homozygotes. The 
method allows for rapid, automatable analysis of genetic linkage to even complex polygenic traits. 

Oligonucleotide arrays typically comprise a plurality of different oligonucleotide probes that are coupled to a surface 
of a substrate in different known locations. These oligonucleotide arrays, also described as "Genechips"^'^," have been 
generally described in the art, for example, U.S. Patent No. 5,143,854 and POT patent publication Nos. WO 90/15070 
. -^5 and 92/1 0092. These arrays may generally be produced using mechanical synthesis methods or light directed synthesis 
methods vyhich incorporate a combination of photolithographic methods and solid phase oligonucleotide synthesis 
methods. See Fodor et al., Science; 251:767-777 (1991), Pirrung et al., U.S. Patent No. 5,143,854 (see also PCT .' 
Application No. WO 90/15070) and Fodor et al., PCT Publication No. WO 92/10092 and U.S. Patent No. 5,424,*186, 
each of vyhich is hereby incorporated herein by reference. Techniques for the synthesis of these arrays using mechanical 
so synthesis methods are described in, e.g., U.S. Patent No. 5,384,261. incorporated herein by reference in its entirety 
for all purposes. 

The basic strategy for light directed synthesis of oligonucleotides on a VLSIPS^"^ Array is outlined in Figure 1 . The 
surface of a substrate or solid support, modified with* photosensitive protecting groups (X) is illuminated through a 
photolithographic mask, yielding reactive hydroxyl groups in the illuminated regions. A selected nucleotide, typically 
55 in the form of a 3'-0-phosphoramidite-activated deoxynucleoside (protected at the 5' hydroxyl with a photosensitive ^ 
* protecting group), is then presented to the surface and coupling occurs at the sites that were exposed to light. Following 
capping and oxidation, the substrate is rinsed and the surface is illuminated through a second mask, to expose addi- 
tional hydroxyl groups for coupling. A second selected nucleotide. (e.g., 5*-protected, 3'-0-phosphoramidite-activated 
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deoxynucleoside) is presented to the surface. The selective deprotection and coupling cycles are repeated until the 
desired set of products is obtained. Pease et al., Proc, Natl. Acad. Sci. (1 994) 91 :5022-5026. Since photolithography 
IS used, the process can be readily miniaturized to generate high density arrays of oligonucleotide probes. Furthermore; 
the sequence of the oligonucleotides at each site is known. . : 

II. Identification of Polymorphisms 

■ The methods and arrays of the present invention primarily find use in the identification of so-called "useful" poly- 
morphisms (i.e., those that are present in approximately 20% or moreof the allele population). The present invention 
■also relates to the detection or screening of specific variants of previously identified polymorphisms 
_ A ^^[It'y °'/nethpds_ caa be^^ 

genomic material from large numbers of individuals, although extremely time consuming, can be used to identify such 
polymorphisms. Altematively, ligation methods may be used, where a probe having an overhang of defined sequence' 
IS hgated to a target nucleotide sequence derived from a number of: individuals. Differences in the ability of the probe 
to hgate to the target can reflect polymorphisms within the sequence. Similarly, restriction patterns generated from 
treating a target nucleic acid with a prescribed restriction enzyme or set of restriction enzymes can be used to identify 
polymorphisms. Specifically, a polymorphism may result jn the presence of a restriction site in one variant but not in 
another. This yields a difference in restriction patterns for the two variants, and thereby identifies a polyrnorphism 
Oligonucleotide arrays may also be used to identify polymorphisms. For example, as described in U S Patent Appli- 
cation Serial No. 08/485,606, filed June 7, , 1995 polymorphisms may be identified using type-Ms endonucleases to 
capture and amplify ambiguous base sequences adjacent the restriction sites. The captured sequences are then char- 
acterized on oligonucleotide arrays. The pattems of these captured sequences are compared from various individuals 
the differences being indicative of potential polymorphisms. Alternative array-based methods may also be used to 
Identify polymorphisms, including the methods described in'U.S. Patent Application No. 08/629.031 . filed April 8 1 996 
Briefly these methods hybridize a target nucleic acid against an appropriately tiled array, e.g.. having probes comple- 
mentary to step-w.se segments of the target sequence. The ratio of hybridization intensity of perfectly matched probes • 
to mismatched probes is plotted as a function of the position that is being interogated in the sequence, for each individual 
screened. Where a polymorphism is present, it yields a discrepency between the data plotted for the individuals, e g 
a point of separation of the two or more individual's plots .• . - 

In a preferred aspect, the identification of polymorphisms takes into account the assumption that a useful poly- 
morphism (i.e., one that occurs in 20 to 50% of the allele population), occurs approximately once per Ikb in a given 
genome. In particular random sequences of a genome, e.g., random 1 kb sequences of the human geriome such as 
expressed sequence tags or "ESTs", can be sequenced from a limited number of individuals. When a variant base is 
detected with sufficient frequency it is designated a "useful" polymorphism. In practice, the method generally analyzes 
3S the same i kb sequence from a small number of unrelated individuals, i.e., from 3 to 5 individuals (6 to 10 alleles) 
where a vanant sequence is identified, it is then compared to a separate pool of material from unrelated individuals ' 
Where the variant sequence identified from the first set of individuals is detectable in the pool of the second sef it is 
assumed to exist at a sufficiently high frequency e g., at least about 20% of the allele.population, thereby qualifying 
as a useful marker for genetic linkage analysis. 

III. Screening Polymorphisms , ■ . 

Screening polymorphisms in samples of genomic material according to the methods of the present invention is 
generally carried out using arrays of oligonucleotide probes. These arrays may generally be "tiled" for a large number ' 
of specific polymorphisms. By "tiling" is generally meant the synthesis of a defined set of oligonucleotide probes which 
IS made up of a sequence complementary to the target sequence of interest, as well as preselected variations of that 
sequence, e.g., substitution of one or more given positions with one or more members of the basis set of monomers 
I.e. nucleotides. Tiling strategies are discussed in detail in Published PCT Application No. WO 95/11995. incorporated 
herein by reference in its entirety for all purposes. By "target sequence" is meant a sequence which has been identified 
as containing a polymorphism, and more particularly a single-base polymorphism, also referred to as a "biallelic base' 
" It will be understood that the term "target sequence" is intended to encompass the various forms present in a particular 
sample of genomic material, i.e., both alleles in a diploid genome. 

In a particular aspect, arrays are tiled for a number of specific, identified polymorphic marker sequences In par- 
ticular, the array is tiled to include a number of detection blocks, each detection block being specific for a specific 
polymorphic marker or set of polymorphic markers. For example, a detection block may be tiled to include a number 
of probes which span the sequence segment that,includes a specific polymorphism. To ensure probes that are com- 
plementary to each variant, the probes are synthesized in pairs differing at the biallelic base. 

In addition to the probes differing at the biallelic bases, monosubstituted probes are also generally tiled within the 
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detection block. These monosubstituted- probes have bases at and up to a certain number of bases in either direction 
fronn the polymorphism, substituted with the remaining nucleotides (selected from A, T, G, C or U). Typically, the probes 
in a tiled detection block will include substitutions of the sequence positions up to and including those that are 5 bases 
away from the base that corresponds to the polymorphism. Preferably, bases up to and including those in positions 2 
5 bases from the polymorphism will be substituted. The monosubstituted probes provide internal controls for the tiled 
array, to distinguish actual hybridization from artifactual cross-hybridization. An example of this preferred-substitution 
pattern is shown in Figure 3. 

A variety of tiling configurations may also'be employed to ensure optimal discrimination of perfectly hybridizing 
probes. For example, a detection block may . be tiled to provide probes having optimal hybridization intensities vyith - . 
10 minimal cross-hybridization. For example, where a sequence downstream from a polymorphic base is G-C rich, it could 
potentially give rise to a. higher level of cross-hybridization or "noise," when analyzed. Accordingly, one can tile the 
detection block to take advantage' of more of the upstream sequence. Such alternate tiling configurations are sche- 
matically illustrated in Figure 2B, bottom^ where the base in the probe that is complementary to the polymorphism is 
placed at different positions in the sequence of the probe relative to the 3'- end of the probe. For ease of discussion, 
both the base which represents the polymorphism and the complementary base in the probe are referred to herein as 
the "polymorphic base" or "polymorphic marker." . 

Optimal tiling configurations may.be, determined for any particular polymorphism by comparative analysis. For 
.example, triplet or larger detection blocks like those illustrated in Figure 2B may be readily employed to select such 
optimal tiling strategies. - ■ 

20. ' Arrays may be tiled for one or both strands of the target sequence, i.e., the sequence including the polymorphism. 
The inclusion of probes that' hybridize to both the sense and antisense strands, either on a single array or separate • 
arrays, provides an additional level of verification for a given interogation. Thus, in addition to probes that are comple-' 
" . mentary-to one sdtrand of a target sequence', a detection block will also include probes that are complementary to the 
antisense strand of the target sequence, and which are therefor complementary to the first group of probes. -S^" 
25 Additionally, arrays will generally be tiled to provide for ease of reading and analysis. For example, the probes-tiled 

within a detection block will generally be arranged so that reading across a detection block, the probes are tiled in 
succession, i.e., progressing along the target sequence one or more bases at a time (See, e.g. ..Figure 3, middle). 

Once an array is appropriately tiled for a given polymorphism or set of polymorphisms, the target nucleic acid is 
hybridized with the array and scanned. Hybridization and scanning are generally carried out by methods described in, 
30 ■ e.g., Published PCT Application Nos WO 92/10092 and WO 95/11995, and U.S: Patent No. .5,424, 186, previously 
incorporated herein by reference in their entirety for all purposes. In brief, a target nucleic acid sequence which includes 
. one or more previously identified polymorphic markers is amplified by well known amplification techniques, e.g., PGR. 

Typically, this involves the use of primer sequences that are complementary to the two strands of the target sequence , 
' both upstream and downstream from the polymorphism. Asymmetric PGR techniques may also be used, i.e., where 
•35. an array is tiled for only a sense or antisense strand. Amplified target, generally incorporating a label, is then hybridized 
. with, the array under appropriate conditions. Incorporation of'a label generally involves incorporating a labeled nucle- 
otide into the amplification reaction, whereby the label is incorporated into the target nucleic "acid. Typically useful labels 
include fluorescent labels coupled to nucleotides, as well as well known binding groups, e.g.,. biotin. streptavidin and 
the like, to which a labelled complement may be later bound. 
■^0 Upon completion of hybridization and washing of the array, the array is scanned to determine the position on the 

array to which the target sequence hybridizes. The hyridization data obtained from the scan, i.e., in the form of fluo- . 
rescence intensities or some other detectable label or dye, is then plotted as a function of location on the array. 

Although primarily described in terms of a single detection block, e.g., for detection of a single polymorphism, in 
preferred aspects, the arrays of the invention will include multiple detection blocks, and thus be capable of analyzing 
^5 multiple, specific polymorphisms. For example, preferred arrays will generally include from about 50 to about 4000 
different detection .blocks with particularly preferred arrays including from 100 to 3000 different detection blocks. 

In alternate arrangements, it will generally be understood that detection blocks may be grouped within a single 
array or in multiple, separate arrays so that varying, optimal conditions may be used during the hybridization of the 
target to the array. For example, it may often be desirable to provide for the detection of those polymorphisms that fall 
so within G-C rich stretches of a genomic sequence, separately from those falling in A-T rich segments. This allows for 
the separate optimization of hybridization conditions for each situation. 

IV. Calling . 

55 After hybridization and scanning, the hybridization data from the scanned array is then analyzed to identify which 

variant or variants of the polymorphic marker are present in the sample, or target sequence,. as determined from the 
probes to which the target hybridized, e.g., one of the two homozygote forms or the heterozygote form. This determi- 
nation is termed "calling" the genotype. Calling the genotype is typically a matter of comparing the hybridization data 
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' for each potential variant, and based upon that comparison, identifying the actual variant (for homozygotes) or variants, 
(for heterozygotes) that are present. In one aspect, this connparison involves taking the ratio of hybridization intensities, 
(corrected for average background levels) for the expected perfectly hybridizing probes, for a first variant versus that 
of the second variant. Where the marker is honnoz*ygbus for the first variant/this ratio will be a large number, theoretically 

5 . approaching an infinite value. Where homozygous for the second variant, the' ratio will be a very low number i.e.- 
•theoretically approaching zero. Where the marker is heterozygous, the ratio will be approximately 1 . These numbers 
are, as described, theoretical. Typically, the first ratio vyill be well. in excess of T, i.e., 2, .4, 5 or greater. Similarly, the 
secorid ratio will typically be substantially less than T i.e., 0.5, 0.2, 0.1 or less. The ratio for heterozygotes will typically, 
be approximately equal to 1 , i.e. from 0.7 to 1 .5. These ratios can vary based upon the specific sequence surrounding 

^0 . the polymorphism, and can also be adjusted based upon a standard hybridization with a control sample containing the 

^ _,.„.variants^of4he polymorphism. ^The-ratio-may be put-on a linear scale bytaking4he^l^ 

result by 10. This makes it easier to interpret the results of the comparison of the intensities observed. ■ " 

The quality of a given-call for a particular genotype may also be checked. For example, the maximum perfect match 
intensity can be divided by a measure of the background noise (which may be represented by the standard deviation 

^5 of the mismatched intensities). Where the ratio exceeds some preselected cut-off point, the call is determined to be 
good. For example, where the maximum intensity of the expected perfect matches exceeds twice the noise level, it 
might be termed a good call. In an additional aspect, the present invention provides software for performing the:above 
described comparisons. 

Fig. 5 illustrates an example of a computer system used to execute the software of the present invention which 
determines whether polymorphic markers in' DNA are heterozygote, homozygote with a first variant of a polymorphism 
or homozygote with a second variant of a polymorphism. Fig. 5 shows a computer system 1 which includes a monitor 
3, screen 5. cabinet 7, keyboard 9, and mouse .11. Mouse 11 may have one or more buttons such as mouse buttons 
.13. Cabinet 7 houses" a CD-ROM drive 15 or a hard drive (not shown) which may be utilized to store and retrieve 
software programs incorporating the present invention, digital images for use. with the present invention, -^and the like. 
^5 Although a CD-ROM 17 is shown as' the removable media, other rempvable tangibte media including- floppy disks, 
tape, and flash memory may be utilized, Cabinet 7 also houses familiar computer components (not shown) such as a 
processor: memory, and the. like.- . 

Fig. 6 shows a system block diagram" of computensystem 1 used to execute the software of the present invention. 
As in Fig. 5, computer system t includes monitor 3 and keyboard 9. Computer system 1 further includes subsystems 
30 such as a central processor 102", system memory 104, I/O, controller 106, display adapter 108,* removable disk 11 2, 
fixed disk 11 6, network interface 118; and speaker 120. Other computer- systems, suitable for use with the present 
invention may include additional or fewer subsystems. For example, another computer system could include more than 
one processor 102 (i:e., a multi-processor system) ora cache memory. 

Arrows such as 122 represent the system bus architecture of computer system 1. However, these arrows are. 
35 illustrative of any interconnection scheme serving to link the subsystems. For example/ a local bus could be utilized to 
connect the central processor to the system memory and display adapter. Computer system 1 shown in Fig. 6 is but 
an example of a computer system suitable for use with the present invention. Other configurations of subsystems' 
suitable for use with the present invention will be readily apparent to one of ordinary skill in the art. 

■ Fig. 7 shows a probe array including probes with base substitutions at base positions within two base positions of 
the polymorphic marker. The position of the polymorphic marker is denoted Pq and which may have one of two variants 
of the polymorphic markers x and y (where X and y are one of A, C, G, or T). As indicated, at P 2 there are two columns 
of four cells which contain a base substitution two base positions to the left, or 3', from the polymorphic marker, The 
column denoted by an "x"'Contains polymorphic marker x and the column denoted by a "y" contains polymorphic marker 

y. . , ' ' 

•^5 . ■ Similarly, P.^ contains probes with base substitutions one base position to the left, or 3', of the polymorphic marker 
Pq contains probes with-base substitutions at the polymorphic marker position. Accordingly, the two columns in Pq are 
identical. P^ and P2 contain base substitutions one and two base positions to the right, or 5', of the polymorphic marker, 
respectively. ■ ■ ' * 

As a hypothetical example; assume a single base polymorphism exists where one allele contains the subsequence 
.TCAAG whereas another allele contains the subsequence TCGAG, where the underlined base indicates the polymor- 
phism in each allele. Fig. 8 shows a probe array including probes with base substitutions at base positions within two 
base positions of the polymorphic marker. In the first two columns, the cells which contain probes with base A (com- 
plementaryjo T in the alleles) two positions from the left of the polymorphic marker are shaded. They are shaded to 
indicate that it is expected that these cells would exhibit the highest hybridization to the labeled sample nucleic acid. 
Similarly, the second two columns have ceils shaded which have probes with base G (complementary to C in the 
alleles) one position to the left^of the polynnorphic marker. 

At the polymorphic marker position (corresponding to Pq in Fig. 7), there are two columns: one denoted by an "A" 
and one denoted by a "G". Although, as indicated earlier, the probes iri .these two columns are identical, the probes 
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contain base substitutions for the polymorphic nnarker position. An "N" indicates the cells that have probes which are 
expected to exhibit a strong hybridization if the allele contains a polymorphic marker A. As will become apparent in the 
following paragraphs'; "N" stands for numerator because the intensity of these cells will be utilized in the numerator of. 
an equation. Thus, the labels were chosen to aid the reader's understanding of the present invention. 
5 A "D" indicates the cells that have probes which are expected to exhibit a strong hybridization if the allele contains 

a polymorphic marker G. "D" stands for denominator because the intensity of these cells wili be utilized in the denom- 
inator of an equation. The "n" and "d" labeled cells indicate these cells contain probes with a single base mismatch 
nearthe polymorphic marker. As before, the labels indicate where the intensity of these cells will be utilized in a following 
equation. - • 

10 Fig. 9 shows a high level flowchart of analyzing intensities to determine whether polymorphic markers in DNA are 

heterozygote, homozygote with a first polymorphic marker or homozygote with a second polymorphic marker. At step 
202, the system receives the fluorescent intensities of the cells on the chip. Although in a preferred embodiment, the 
hybridization of the probes to the sample are determined from fluorescent intensities, other methods and labels includ- 
ing radioactive labels may be utilized with the present invention. An example of one embodiment of a software program 
'5 for carrying out this analysis is reprinted in Software Appendix A. ' * 

A perfect match (PM) average for a polymorphic marker x is determined by averaging the intensity of the cells at 
Pq that'have the base substitution equal to x in Fig. 7. Thus, for the example in Fig. 8, the perfect match average for 
A would add the intensities of the cells denoted by "N" and divide the sum by 2 " ' 

A mismatch (MM) average for a polymorphic marker x is determined by averaging the intensity of the cells that 
20 contain the polymorphic marker x and a single base mismatch in Fig. 7. Thus, for the example in Fig. SVthe mismatch 
average for A would be the sum'of cells denoted by *'n" and dividing the sum by 14. 

A perfect match average and mismatch average for polymorphic marker y is determined in a similar manner utilizing 
the cells denoted by "D" and "d'V respectively. Therefore, the perfect match averages are an average intensity of cells 
containing probes that are perfectly complementary to an allele. The mismatch averages are an average. of intensity 
25 of cells containing probes that have a single base mismatch near the polymorphic marker in an allele. 

At step 204, the system calculates a Ratio of the perfect match and mismatch averages for x to the perfect match 
and mismatch averages for y. The numerator of the Ratio includes the mismatch average for x subtracted from the 
perfect mismatch for x. In a preferred embodiment, if the resulting numerator is less than 0, the numerator is set equal 
to 0. 

30 The denominator of the. Ratio includes the mismatch average for y subtracted from the perfect mismatch for y In > 

a preferred embodiment, if the resulting denominator is less than or equal to 0, the denominator is set equal to a 
minimum value, i.e., 0.00001 . . . .* • . , . 

Once the system has calculated the Ratio, the system calculates DBat step 206. DB is calculated by the equation 
DB = 10*logioRatio. The logarithmic function puts the ratio on a linear scale and makes it easier to interpret the results 

35 of the comparison of intensities. ' • 

At step 208, the system performs a statistical check on the data.or hybridization intensities. The statistical check 
is performed to determine if the data will likely produce good results. In a preferred embodiment, the statistical check 
involves testing whether the maximum of the perfect match averages for x or y is at least twice as great as the standard 
deviation of the intensities of all the cells containing a single base mismatch (i.e., denoted by a "n" or "d" in Fig. 8). If 

-^0 the perfect match average is at least two times greater than this standard deviation, the data is likely to produce good 
results and this is communicated to the user. 

. The system analyzes DB at step 210 to determine if DB is approaching ->^, near 0, or approaching In practice, . 
the DB will typically ot go beyond 50 or -50. If DB is approaching a negative infinity (e.g., -50), the system determines ' 
that the sample DNA contains a homozygote with a first polymorphic marker corresponding to x at step 212.. If DB is 

•^5 . near 0, the system determines that the sample DNA contains a heterozygote corresponding to both polymorphic mark- 
ers x and y at step 214. Although described as approaching etc., as described previously, these nunribers will gen- 
erally vary, but are nonetheless indicative of the calls described. If DB is approaching a positive infinity (e.g., +50), the 
system determines that the sample DNA contains a homozygote with a second polymorphic marker corresponding to 
y at step 216. 

50 - A visual. inspection of the Ratio equation in step 204 shows that the numerator should be higher than the denom- 
inator if the DNA sample only has the polymorphic marker corresponding to x. Similarly, the denominator should be 
higher than the numerator if the DNA sample only has a polymorphic marker corresponding to y. If the DNA sample ■ 
has both polymorphic markers, indicating a heterozygote,' the Ratio should be approximately equal to 1 which results 
in a 0 when the logarithm of the Ratio is calculated. . ■ 

55 The equations discussed above illustrate just one embodiment of the present invention. These equations have 

correctly identified polymorphic markers when a visual inspection would seem to indicate a different result. This may 
be the case because the equations take into account the mismatch intensities in order to determine the presence or 
absence of the polymorphic markers. Additional methods may also be employed to properly compare the hybridization 
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. intensities; including; e.g., principal component analysis and th 

Those of skill in the art, upon reading the instant disclosure wiirappreciate that a variety of modifications to the 
above described methods and arrays may be made without deparing from the spirit or scope of the invention. For' 
; example, one may select the strand of the target sequence to optimize the ability to call a particular genome. Alterna- 
. tively./one may analyze both strands, in parallel; to provide greater amounts of data from which a call can be made. 
Additionally, the analyses, i.e.. amplification and scanning may be performed using DNA. RNA. mixed polymers and 
the like. . - ' ■ ^ ■ . ■ . ■ \ . 

. The present* invention is further illustrated by the following examples. These examples are ' merely to illustrate 
aspects of the present invention and are not intended as limitations of this invention. 

v. Examples ' . _ . : — " ..^ _ 


Example .1 - Chip Tiling 

• , • ■ ,A DNA chip is prepared which contains three detection blocks for each of 78 identified single base polymorphisms' 

■ or biallehc markers, in a segment of human DNA (the "target" nucleic acid). Each detection block contains probes 
. wherein the Identified polymorphism occurs at the position in the target nucleic.acid complementary, to the 7th. 10th 

and 13th. positions from the 3''end of 20-mer oligonucleotide probes. A schematic representation of a single oligonu- 
cleotide array containing all 78 detection blocks is shown in Figure 2A. " 

The tiling strategy for each block substitutes bases in the positions at, and up to two bases.' in either direction from 
the polymorphism. In addition to, the substituted positions. the oligonucleotides are synthesized in pairs differing at the 
biallehc base. Thus, the layout;of the detection block (containing 40 different oligonucledtide probes)'allows for con- 
trolled comparison of the sequences involved, as well as simple readout without need for complicated iristrumentation 
A schennatic illustration of this tiling strategy within a single detection block la shown in Figure 3. for a specific. poly- 
morphic marker denoted WI-567. ■ ■ . 

Example 2- Detection of Polymorphisms ' 

A target nucleic acid Js generated from PGR products amplified by primers flanking the markers. These amplicons 
can be produced singly .or in multiplexed reactions. Target can be produced as ss-DNA by asymmetric PGR from one 
primer flanking the polymorphism, as ds-DNA, or as RNA transcribed in vitro from promoters linked to'the primers 
Fluorescent or biotjn label is introduced into target directly as dye or biotin-bearing nucleotides. Biotin labelled target 
IS then bound after amplification using dye-streptavidin complexes to incorporated biotin containing nucleotides In 
^DNA produced by symetric or asymetric PGR fluorescent dye is linked directly to the 5' end of the primer 

■Hybridization of target to the arrays tiled in Example 1, and subsequent. washing are carried out with standard 
solutions* of salt (SSPE, TMAG1) and nonionic detergent (Triton-X100), with or without added organic solvent (forma- 
mide). Targets and markers generating strong signals are washed under stringent, hybridization conditions (37-40'*G- 
10% formamide: 0.25xSSPE. washes) to give highly discriminating detection of the genotype. Markers giving lower 
hybridization/intensity are washed under less stringent conditions (<30°C: 3M TMAG1 , or 6xSSPE: 6x and 1x SSPE ' 

■ washes) to yield highly discriminating, detection of the genotype. ., • . . 

Detection of one polymorphic marker is illustrated-in Figure 3. Specifically a typical detection block is.shown for 
the polymorphism denoted WI-1959, having the sequence 5'-AGCAAAAATGAGTG[T/G]GGGTAAGTGAGAGTG-3' 
with the polymorphism indicated by the brackets (Figure 3, top), for which all three genotypes are available (T/G het-' 
erozygote, G/G homozygote and T/T homozygote). The expected hybridization pattem for the homozygote and heter- ' 
ozygote targets" are* shown in Figure 3, bottom. Three 6hips were tiled with each chip including the illustrated detection 
block. Each block contained probes having the substituted bases at the 7th. 10th and 1 3th positions from the 3' end 
of 20-mer oligonucleotide probes (20/7; 20/10 and 20/13, respectively). These alternate detection blocks were tiled to 
provide a variety of sequences flanking the polymorphism itself, to ensure at least one detection block hybridizing with 
a sufficiently low background intensity for adequate detection. ' . 

Fluorouracil containing RNA was synthesized from a T7 promoter on the upstream primer hybridized to the de- 
tection array in 6xSSPE + Triton-XlOO at 30^G. and washed in 0.25xSSPE at room temperature.'As shown in the scan 
Figure 3. middle, fluorescent scans of the arrays correctly identified the 5 homozygote or 1 0 heterozygote features 

While the foregoing invention has been described in.sorne detail for purposes of clarity and understanding it will 
be clear to one skilled in the art from a reading of this disclosure that various changes in form and detail can be made 
without departing from the true scope of the invention. All publications and patent documents cited in this application • 
are incorporated by reference in their entirety for all purposes to the same extent as if each individual publication or 
patent document were so individually denoted. 
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• APPENDIX A 
SOFTWARE' API^ENDIX 


10 


15 


20 


25 


30 


«* fuilcel.awk * 
zakes input: crcm a ?CL"chi? CZL tili [llz k IjO) and .» 
!* axtrac-3 racio inforaiacicr. icr every cioc:<. or. che chip.* 


3EGINC 
racpatcrutc f f = 1.2 
paccoggle '- 'yes' 

ba3a[l.l = -G* 
basef 2 ] ="C" ' 
base [3:=- A" 
' n.aine [0,0: = ' - - 5 o 3 * 
bextCQ; '= "CTAGCC" 
r.ame [ 1 , J } = ' WI - 5 £~ ' 
hsx (1,0] - ' TCAGAG ■ 
name L 2.0) ~ 'WI-dO'T' 
hex [3, 3] =. "TCGATA- 
name '[3,0] = • v; l - ^ 3 " 
hex : 3 , 0 ] = ' .\ACr>J\ - 
name i 4 , 0 ] - * WT - 3 0 1 ' 
hex ; 4.-01= - CTTGAG " 
nar-.G (5,0] = - WI - 3 02 ' 
hex L 5 , 0 1 = " CATC2T " 
r.a-T.e [ 5 . C ; = - WI - 10 5 9 * 
hex [ 5 , C j = - CAGATA ' 
' ■ \ najne[7 . 0] = •WI-ii4'7 ' 
hex [7. 0 1 = 'ACGAGC- 
name [8,0] = -WI-1325" 
hex(8.,0] - 'CTCTAC 
naiTteLS.Oi = 'VVI-I-li:'" 
hex [9,0] = "GTCTTT' 
-^5 name [0,1] = "WI-I795" 

hex: 0.1] = 'AAAGTG' 
name [1, Li = •WI-132j- 
hex- 1.1] = 'GTCTTC" 
name [2,1] = ' '.VI -1373- 
hex[2.1], = -TACTGT" 
40 na.T.e(3,i: = • WI- 1.3.35 ' 

hex (3,11 = "ATGACA- 
r.am^i [ 4 1 J - 
hex[4,lj =s -TTCTTT* 
name [5,1] = -W--L959" 
hex [5,1] = -TCrCGG- 
45 name[6,l] ^ -WI-17'11' 

hex[6,l] = -GAAGCC 
name; 7,1] = •WX-17 60" 
hex [7,11 = " ACCACA * 
name.; 3,1] = ■v;x-i7 9?- 
hex CO, 11 = 'TCGArA* 
50 name [9,1 I = •WI-:97 3- 

hex •: 9 , 1 ] = " CAAGAG " 
na:r.e [0.2] ~ • V;x - 1 3 30 • 
hex [ 0', 2 ;• = - AA.CT'GA ' 
r.ar'.eEi.2i = •WI-20L5' 
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10 


15 


20 


25 


30 


35 


.40 . 


45 


50- 


najne i 1 , 5 ] - 
hex [1.51 = 
name [2,5] - 
hex (2.5)= 
najne i 3 , 5 1 = 
hex [3,5] = 
name ■4,5- - 
hex (4,5) = 
haLTie [5,5] . = 
hex (5, 5 1 = 
najne [5,5] = 
hex [6,5] = 
na-T.e [7,5] - 
hex [7, 5 1 = 
najne [3,5] - 
hex I 3, 5 1 ^ 
name C 9 , 5 ] = 
hexC9,5: ~ 
name [0,6] 
hex [0,5] = 
name [1,5] 
hex C 1,5] = 
name 12 . 5] ■ ■ 
hex 2 . 5 ] =' 
name ( 3,6] 
hex.C3 , 5] = 
name [4,5] ■- 
hex [4,5] = 
name [5,5] = 
hex [ 5', 5 ] - 
name [5.5] ' 
hex [ 5 , 5 ] - 
name [7,6]' - 
hex [7, 5] = 
name [9,5] = 
hex [3,5] = 
name [9,6] - 
. hex [9,6] = 
najtie '[ 0,7] = 
hex ( 0 , 7 i = 
name [1,7] - 
hex [1,7] = 
name [2,7] = 
hex C 2, 7: = 
name [3,7] = 
hex [3,7: = 
name [4,7] - 
hex [4.7] = 
name [5,7] = 
hex [5, 7] = 
name [6,7] = 
hex [6, 7] = 
name ( 7 , 7 j = 
hex [7,7] = 
bkgsijm = 0 
bkgnum = 0 


■GCK" 

• GAGACA • 

' CTGTGG ■ 

■ HT 4 • 
- TGCAAT ■ 

■HTS- 

- ACTCGA • 

• IGF2 ' 
-GGGACC" 

' IGH^/4 - 5 ' 
• TCTCCA - 
■ • IMS- 
-TCTACC 
* -LCLR- ■ 
- GGCTAA * 

''LF7 3- 
' CCAGGG " 

• AGCTAG • • 
: -MC2" 

: "METH- 

•CCCTGG" 
: -NTIAM?" 

■ CAGATG • 
: ■ - 

" ACATTG ' 
: -Per/rLIIS* 

-GAAGOA- ' ■ 
: ^-???3R1- 

- GACTAA ' 

' AGGACG * 
• -314544-. 
"TCTCCT" 

: -siaoA* 

■ GGCATG - 
■ -TcR-CAl- 
• TGCGGT - 

"TCK-C322' 
"GGCTGG- 

•TCP.-C32 3 " 
-CTCTAG- 

•TCR-C324- 
■ GTGATG - 

-TCR-C325" 
•GTAGCC ■ 

-TCR-C327 * 
•ACCTTA- 

"'•/B12a- • 
■ ACAGTG ■ 

-'^^312b- 
- CACTC A - 
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readthis ,= v: - ^ ■ - ' - ; " - 

: ie ($1 /[A-^2a-=j ■/■:[! 'S2 -■;/[ A-::a-- ]/) readthis \= G 
if {readthis == 1) rawdatra ( SI . $2 ] •* = ' $3 . ' ; ' 

if' (Si>2 $2>^). if (Sl<il2 "■$2<12s) if .,$1<c'qo' |I-S2<109) 
{ ■ • ■ ' ■■ • \ ■ ; , ■ ■ ■ ■ ^ 

,px ='int ( ($1-3-) Vll) ^ ■ ' *". 

^ ;^py = int{ V$2-5.) /IS) ' ■ ■ . ' • - ' \ " 

_ pxo (ll*px)-3 . .. . 
pyo ~ (15*pyJ +5 

by' '= $2 -pye ■' \ ' ' " . . 

■ -tiocic = 3*(int(by/5))+7 ■ ■ ' ■ ' ■.' •- 

^ • if {by%5 •= 4 tcc ^:='10)- " * ; 


; . sb ='base[by%5] . ■ - ' \ 

sig[px, py, block, 5b;rrjc} ■■'= $3 ; ' ' ' — 

' ■". " : ■ . ■ ■ ^ ' ' / ' . . ' " 

' if - (by%5 == 4 J \ rrix ^^MO)."; , / * ' ' . : ' 

• . ■ ■■ . ^ ' /■ ' ' ' ' ' ' ' 

20 . .'■ ■ ■ ■ : " ' ' bkgsum - = ' $j - / . 

- ' ■ ' . bkgnuni*"^ ■ 

, ■ ' ' ■ ■ ^ • "' ■ > . ■ " ' , ./ 

^5 / printf ■( "background/ = %5 . 2 f , ' bkgs'jrriVbkgnuin') ' ^ ' .. 

■ " ' , print f "yj^J<EPAtBSTSLK\ tKAT.ro \--\tCB\tCHiCK\ t^tFAT?-A^^n" . 
■ . ^ ^ for: (py-0 ;py<3 ;py■^-^■} for :px=C ; px<10 ; px + - ) if ; (-py , < | j: px 

/ ' . ■ i ' ■ " •. . . . ' 

30 . . , 




subs tr ( hex [ px . py ] 

i_ , 

. 1) . 


mil]. 


substr (hex Jpx , py 1 

, 1 

. 1) 


m(2] 


subs tr ( hex Tpx . py • 

2 . 



m(3] 


substr (hax [px , py ; 

;"2 , 

, 1)., 


tn[4.] 


substr (hex [px ,.py ; 

; 3 . 





■ substr (h=x (px.. py ] 

,3*. 

,2} ■ 


m[61 ■ 


substr [hex [px , py i 


1 ) 


rn[7] 


substr ; hex [ px , py ] 

; 5 ■ 

.■1) 


rn[31 


substr ;hex [px, py] 


,1,1: 




s-^str (hex (px , py ] 

, € , 

I'f . 


cents 


= substr (hex Lpx . p 


3 , 1 ) ■ 

'/ -substr jhexlpx,py], 4/1 


35 


^pentair.er = ir. [O.i ' " m [ 2 ] ' ; " center " j "x •* 5 1 " "m ; 3 ] . , 

* .. ' 'header'^ " [ "px + l " , 'py-'-l " 1 " naine[px,pyj ■\n"" per.tamer' 

40 ■ . headpri-t. = 0 . ' ' - \ _ \'' \ ' ' 

■ • . for ( : =0 ; j < = 2 ,• j 1-.^- : ' 

* ■ ^. block =' (3 • j ) ' ' : . ' : 

a'jm2 = G / ^ ^ \ , . • 

den.2 ~ Z : 


denl - !!) 
x2 ^ 0 ■■ - . 

r.i - 0 . ; 

n2 = 0 . ■ 

for (e=o;f<5;f f^l 


.. :r.a--^:hi[px,py, block, f] =0 
for '(g=0 ,-g<'; ) :a^'.l o [*px . py, bl ock . g , 
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for ( >c=0 ; !'C< = 5 ; k-^- } for \b=C ; c< = 3 ; b-»-- ; 

, ■ { ■ • , ■ . 

. si^.ai - sigTcx . py, block, base [b i , ;<1 ■ 
om i ^ = 0 

Li ( C •< i - has e ( b ) ; -mi - L 
it (omit: ==1) 
r 

10 q = maxhi C?x, ?y , bl-ck, z ] 

ic {signal > q) na:-dii C?x, oy, block, ] =3 iTr.al 

if 'cni" == C) 


30 


35 


45 


SO 


' q = .Tiaxlo ;px . py , block, b, ; ! . - 

.'^ ' ' ■ . if fsi-gr-al > na.xlo Cpx, ?y, block, b, z ] ^si^al ■*. , . . . ■ 

■ \ . if (k%2 ==0) V , , 

' • ( . ' - ; 

:<2 (signal J "2 

'20; ■, ■ ■ ■ ■ ^ , ■ ■ . ■ ■■■ ■ ■ . 

'■'■_.-.{■ .. • ■ . , , , 

dsr.2 = ' signal 

■ . * x2-. r= (3i-?r.ai; "2 ■ _ . ■ . 

25 ' . '^2^- • . ^ ■ . ' i. . ■ : 

) ... ' ■ , 

"J • . ■ : " . t-ir 

If (omit ^= 1) If ;k= = 4 \ \ k^ = 5) ■ ' , ■■ ' 

( ' ' , . " 

■ If {base(b: =~ subs ! hex [px . c:y j , 3 ,^1 )' ) ' ' ' . ■ . , ■ ■ ' 

' ' ■■ * ■ ^ ■ ' ■ ■■ ' ' ■ . * • . . 

. . . ^ ^ . . . ■ . ■ .^^ 

if ibase^bj '== subs^ir ( hex [px, pyj , 4 , L ;• ) " _ 

. der.i -^^ sigr.al " ~~\~^ 


} 

maxhisxun = 0 
'■ ' for ( f =0 ; ]:<5 ; f + + t 

40 ■ ' £ ■ ■ • 

... rnaxhisum majchi [px , py, block , f ] 
> 

maxhiav = majchisioi/ 5 
maxlosum - 0 

for (g=0 ; g<5; g + -} for ; v=sO ; V<4 ; v ) 


maxlosum -^s maxlo (p;< , py, block, v, g 1 

maxloav = maj<losum/ 1 4 
nia:<rat: = maxhiav/maxloav 
n-om = ; i r.ural / 2 ) - ( / - i ) ) 
i r ( r.um < 0 ) num ^0 
den = ( (den 1/2 )- {den2/n2 ) ) 
if' {den <= 0; den = 0,C01 
ratio '= nuni/den 
max = r.ujnl/2 
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.if: {deni/2 max) max = deni/2 . ■ , , 

n = nl-n2 ' ' ' , 
, " ■ sCdvxnLLT; - ( (n*x2 ) - ( r/JLm2 -t-der.a ) " 2 ) 

it (scd'/xnum < 0) scd'/x = 0 ^ ■ 
* s td^-Tc = ■■ ( 3 td v-xr-'xn/ ( r* "2 ) ) " ( 0 . 5 ;■ • 
if (niaxrat- > racpacc-Lrof f | ;' pat toggle == *r*c') 
• { ■ 

it (headprint ' == O; ■ _ • ' . 

( ^ 

headprint =1 

printf • \ t20/ ■biock-\ c- 
75 ■ ^ ' -^prlnt:; ! "%i-. 2t' , ratic) ' 

■ . if (ratiio < lOOOC ) ' princf 

rac = ra-io - . . 

if Jracic G) rac = :00001 
lograt = log ( rat: ) / log { 10 } 
" . ■ printf .;-%2.2f\c", 10*lograt) 

, _ princf ('%2.2f-. rnax/scd-vrx:} • 

if (ma.x/sCd-.-:< < 2) printf \ tFAILX t:" 
if :;maj-:/scd--< >= 2) princf "\!i\tL." 
printf ( ■%2 . 2f ■ , ■ ma:<rat ) 

■if (n\axra': > racpatcutof f ) printf -\fCCCD?AT 
.orintf - " \n' 
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Claims 

An array of oligonucleotide probes for detecting a polynnorphisnn in a target nucleic acid sequence^ said array 
comprising at least one detection block of probes said detection block including first and second groups of probes 
that are complementary to said target nucleic acid sequence having first and second variants of said polymorphism, 
respectively, and further comprising third and fourth groups of probes, said third and fourth groupsof.probes having 
a sequence identical to said first and second groups of probes, respectively, except that said third and fourth groups 
of probes include all possible monosubstitutions of positions in said sequence that are within h bases of a base in 
said sequence that is comptementary'to said polymorphism, wherein n is from 0 to 5. 

The array of claim 1 , wherein n is 2. . 

The array of claim 1 , wherein said first and second groups of probes comprise a plurality of different probes that 
are complementary to overlapping portions of said target nucleic acid sequence. . 

The array of claim 1 , wherein said detection block further comprises said third and fourth groups of probes wherein 
said monosubstitutions occur at a plurality of distances from a 3' end of said probes. 

The array of claim 1 , wherein said detection block includes between about 8 and 88 different probes. 

The array of claim 1, comprising between 1 and 1,000 different detection blocks, each of said detection blocks 
including probes complementary to first and second variants of a different polymorphism in said target nucleic acid 
sequence. 

The array of claim 1 , wherein each of said detection blocks further comprises fifth and sixth groups of probes, said 
fifth and sixth groups of probes being complementary to said first and second groups of probes, respectively. 

A method of identifying whether a target nucleic acid sequence includes a polymorphic variant, comprising: 

hybridizing said target nucleic acid sequence to an array of oligonucleotide probes, said array comprising at 
least one detection block of probes said detection block including first and second groups of probes that are 
complementary to said target nucleic acid sequence having first and second variants of said polymorphism, 
respectively, and further comprising third and fourth groups of probes, said third and fourth groups of probes 
having a sequence identical to said first and second groups of probes; respectively except that said third and 
fourth groups of probes include all possible monosubstitutions of positions in said sequence that are within n 
bases of a base in said sequence that is complementary to said polymorphism, wherein n is from 0 to 5; and 
determining which of said first and second groups of probes hybridizes with said target nucleic acid sequence 
to identify said polymorphic variant. 

The method of claim 8, wherein said target nucleic acid comprises a detectable label. 

10. The method of claim 9, wherein said detectable label is a fluorescent group. 

11. The method of claim 9, wherein said label is a binding group. . 

45 

12. The method of claim 11, wherein said binding group is selected from biotin, avidin and streptavidin. 

13. The method of claim 8, wherein said detection block includes fifth and sixth groups of probes, said fifth and sixth 
groups of probes being complementary to first and second variants of an antisense strand of said target sequence. 

50 

14. The method of claim 8. wherein said step of determining comprises: 

calculating a ratio of hybridization intensity of said target nucleic acid to said first group of probes versus 
hybridization intensity of said target nucleic acid to said second group of probes; 
55 and identifying a homozygote for said first variant when said ratio is greater than 2, a homozygote for said 

second variant when said ratio is less than 0.5, and a heterozygote when said ratio is between about 0.7 and 
1.5. 
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FIG. 2A 
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SEQUENCE AT POLYMORPHISM WI-567 


. 3' 


.TGCTGCCTTGGTTC [:^ ] AGCC.CTCATCTeTTT 


■THREE BLOCKS OF COMPLEMENTARY 
20-MER OLI(3GS WITH SUBSTITUTIONS (N) 
7, 10 AND 13 BP FROM THE 3" END 


I n I ■ M'l'.' I' 
■ ' 1.1 I ! I ! I r 


*P-2'. P-1. P P+1 P+2. 
A G A G A G AG A-G 


g: 

C 
A 


a 


BASES IN THE SHADED COLUMNS 

3 ■ . BLOCK 20/7 5 

. ,AACCAAN[C] TCGGGAGTAGAG' 


m 


3 • BLOCK 20/10' . . 5 ■ 

CGGAACCAAN [ c ] tcgggagta 


3' .. BLOCK, 20/1 3 . ' 5.' 
CGACGGAACCAAN [ C.] tcggga . 


FIG. 2B 
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SEQUENCE AT POLYMORPHISM WI-567 


5'- . •■ - A ^' 

TGCTGCCTTGGTTC AGCCCTCATCTCTTT 


SYNTHESIZE BLOCK OF COMPLEMENTARY 
20-MER OLIGOS WITH SUBSTITUTIONS (N) 
Sr 10 BP FROM THE 3' END 


3 5' 
-ACGGAACCANG [T ] TCGGGAGT 
-ACGGAACCANG [C ] TCGGGAGT 

- CGGAACCAAN [T ] TCGGGAGTA 

— CGGAACCAAN [ C ] TCGGGAGTA ■ 

GGAACCAAG [N ] TCGGGAGTAG 

— GGAACCAAG [N ] TCGGGAGTAG 
— — GAACCAAG [ T ] NCGGGAGTAGA 

-GAACCAAG [ C ] NCGGGAGTAGA 

-— — AACCAAG [T i TNGGGAGTAGAG 
■ — AACCAAG [C i TNGGGAGTAGAG 


P-2P-1 P 


T t T T 

P+1 P+2 


AGAGAG'AGAG - POLYMORPHISM 


T[ 


G 
C 
A 


PREDICTED PATTERNS 
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